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ABSTRACT

A highly nelective, controlled-potential ca~lometri”
method has been developed for the determination of plutoni-
um. An automated instrur~ent, consisting of commercial
electronic components under control of
culator, Is being constructed.

INTRODUCTION

A series of automated instruments

a programmable cal-

IS being developed
for the determination of uranium and plutonium. The first
instrument in this series, an automated spectrophotometer
for the determination of both uranium and plutonium, has
been described in another paper] presented in this confcr-
C2ni:t?. A s?cond automated instrument, for the controlled
po~ential coulometric determination of plutonium, is under
construction, Like the automated spectrophotometer, it
will feature high tolerance to impurity elements present in
nuclear fuel cycle materials and measurement of low-milli-
gram levels of plutonium. The expected measurement preci-
~;ion is 0.1-0.2% relative standard deviation, about five
times better than is obtained with the automated spectro-

photometer. Analysis time per sample will range from
about 15 to 30 minutes contrasted to five minutes for the
auto’lated spectrophotometer.

This paper describes a versatile apparatus using com-
mercial components that has been assembled
gation of electrometric titration systems,
of a highly specific, controlled-potential
method for plutonium, and the construction
automated instrument that will incorporate
ponents of the versatile apparatus.

for the investi-
the development
coulometric
status of the
many of the com-
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VERSATILE APPARATUS FOR INVESTICATLRC

ELECTROMETERXC TRITATION SYSTEMS .

This apparatua, coneiscin~;of conuwrclal components,
ie centered around a Princeton Applied Research Corporation’
J73D Potentiostat-Caivanostat (having n compliance voltage
of + 100 at currents up to 1 A) and 179D Dlgltal Coulometer
(ha;ing an integration reproducibility of 0.02Z full scale)
that are interfaced to a Hewlett-Packard 9825A Progra~ble
Calculator, Interfaced and under control of the calculator
are a scanner, digital multimeter, a digital-t-analog con-
verter, a clock, and a digital plotLer, as shown in Fig. 1.
The calculator controls ❑osL functions of the Potet,tlostat
and the coulometcr, and receives and processes data from
them.
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Fig. 1. Versatile electroanalytical apparatus.
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C~ncrolled pGtential or controlled current titrations
are done with the calculator estnblishin~ and control lirt~
elei:trolysis condition~ and monitorin~ the variables’ of
interest such aa current, voltage, coulombs, and time. T“ile

output data can be proceaBed on-l!.ne, decisions made, and
conditions adjust:d, or tl]edata can be stored on a maRnet-
ic tape cassette for later analysie. The digftnl multime-
ter neasureg the desired variable as aclected by the scan-
ner. Tiledigital-to-analog converter provides capability
(to the calculator) to select a desired electrode potential
when oper~ting in the controlled-potential mode or the cur-
rent when operating in the controlled-current mode. During
all phases of an electrolysis, the on-line digital plotter
records the variables of interest, usually a plot of loglo
current vs time or electrode potential vs time.

The calculator uses a simple, high-level language and
programs are easily changed. This flexibility provides ca-
pability to thorcwrghly evaluate the many factors that in-
fluence an electrotitration. For example, cne program car-
ries OUL a controlled potential coulometric titration in-
volvin~; reduction at a set potential and sequential oxida-
tion al: two different potentials. The controlled opera-
tional sequence incl”ldes (1) clearing the coulometer, (2)
settin~ the reduction electrode potential, (3) electrolysis
to a st=lected background curren: level, (4) outputting cou-
lombs , (5) resetting the coulom~ter, (6) setting the first

oxidal.ion potential, (7) electro!.yzing to a selected back-
groun,l-current-level endpoint, (8) o~tputtin~ coulombs, (9,

10, 11, 12) repeating (5, 6, 7, ard 8) for the second oxi-
dation, and (13) stopping the electrolysis. The elcctroly–
S1S C;III bc interrupted at any time for manual operation and
can bt returned to any point in the calculator-controlled
mode.

CON’rROLLED-POTENTIAL Cuu~OPDZTRIC PLETHOD

FOR PLUTO!JIUI1DETERMIIIATION

A nlethod has been developed tt~t Ceatures high specifi-
city, a precision of 0.1 to 0.2% relative standard devia-
tiollal the 5-mE plutonium level, and operational simplic-
ity for adaptation to an automated instl’ument. Plutonium
i.=rcdured to Pu(III) in HC1-sulfamic acid electrolyte,
divlts,: ions are oxidized a~ a potential below where
Pu(I1l) is significantly oxidized, phospl,ate is added to

lower the Pu(IIIj-Pu(IV) potential, and PJ(III) iS titri-

3



metrically oxi:ized to Pu(IV). The sche~ wae Buggeated by
a recent paper which described a potentiometrfc titration
in which the red~ction and oxidation were done chemically.

Table 1 aumarizea the half-cell potentials of Pu(III)
-Pu(IV) and Fe(II)-Fe(III) as a function (r HC1 mmlarity,
mnasured usinR the appara~us dc..:ribcdpL!:ulowly. The
maximmn difference of about 0.32 V in these half-cell po-
tentials is essentially constant over the HC1 molarity
range Df aho(lt5 to 7.4. This difference IB ample EJOthat
iron, a troublesome interference in meet plutonium electro-
metric ❑ethods, can be oxidized with littl~, oxidation of
pJ.utonium. The 5.5 U HCI. level was selected for the elec-
trolyte. The apparent advantage of loker values for both
half-cell potentials at higher IIC1concentrations is more
than offset by increatied background currents from electro-
lysis of lIC1. A potential of 0.57 V (all electrode poten-
tials are vs SCE) was selected for the initial oxidat~on at
which J 99.99% of the iron aud 0.25Z of the plutonium is
oxidized.

For oxidation of Pu(III) to Pu(IV), a complexant must
be added to reduce the half-cell potential to below th~

Table 1.

HCL
Uolarity

2.5

4.7

5.5

5.8

6.6

7.0

7.4

IWLF-CELL POTE~IALS OF pu(III)-Pu(IV) AND
FE(II)-Fe(III) IN HC1

Half-Cell Potentials (VS SCE)
Pu(III)-Pu(IV) ~F!21Wl Difference—.

0.705

0.701

0.686

0.686

0,662

0.649

o.t140

0.446 0.259

0.397 0.304

0.372 0.314

0.371 0.315

0,343 0.319

0.332 0.317

0.323 0.317



level where IIC1 oxldizc~. Of various ruagcnts vvaluntud,
pho6phate, Adcd as NaH2Pob, wns most effurtive. In 5.5-M
MCI containing 1~ Na’tlzPO~the Pu(lII)-Pu(IV) hal~-crll
potential is lmcred to 0.59 V and > 99.9% c(xidationiB
attalncd at 0.68 V with in[,ignificnntoxidnt.ionof IIC1.

Selected operating ccmditions for the method are 10 ml
of 5.5~ HC1-O.015~ sulfamlc acid (added to increase toler-
ance to Hh03) electrolyte:, an initial reduction at 0.25 V,
an ox~dation of dlverae ilms at 0.57 V, addition of 2.5 ml
of 5~ ?hH2PO14, and oxidation of Pu(III) to Pu(IV) at 0.68 V.
A current endpoint of 50 PA is used for all. three clectro-
lylwa. To attain highest reliability, background correc-
tions nre established by blank clectrolyses u~fng the snme
time dur[ltionsas for samples.

i)c~alled investigations of diverse lon effects are
summarjz,cd in FiE. 2 for 50 metal cacicIIIs And in Table 2
for 24 nnnrnctal and three metal anions.

nH * NO INTERFERENCE AT 1:1 MOLE RATIO

F
LiBo

**

NrL nlf: I
**... I
K CJL

n—bs*i
I

E l?i
-- ..—.
It-r]~;~I I------

Fifi. 2. h[etal cations interference effects.
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Nonmetal
AnIon. —.

Acetate

Borate

Br-

BrO~

Citrate

cl-

Clo;

Clo;

EDTA

F-

Formate

Ha02

Metal
ion—.

mlol#-
-2

ho 4

Vo;

TABLE 2

ANION INTMFERENCE EFFECTS .

Highemt Mo?e Ratioa
Teeted with No In- Nonmct.d
tcrf erence AnIon.— .—

500 I-

!N)O 10;
5 ?83;

<5 0xa19te

500 PO, ‘-

500 s2-

<5 S032

500 sob2-

Highcot W)e Raticv
Tested with No In-
terference —.

50

<s
sob

<5

< 25

<5

<5

50

500 S2032 <5

<j s20@2- 5

500 SCN- <5

50 Tartrate 50

Highest Mole Ratioa
Tested with No In-
:merference

1

1

1

%ole ratio relative to plutonium, plutonium level = 0.02
❑illimole (5 mg). A < 5 value means interference at this

level.

b
Not tested at 500 mols ratio because of possible degrada-
tion of platinum gauze working electrode by HC1-HN03 mix- ,
turc.
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W netal cation normlly present in nuclear fuel cycle
material interferes (defined as a chkifige si~ificant, at the
95% significance level relative to plutonimmlonc) at. an
equal Iru31e ratio relative to 0.(!2 milliw>le (S *s) of plu-
tonium. Ch,ly four mctal~, nntimony. gold$ fridiw, md
Seleniutmt interfere at a O.1-mole ratio. Them oxidize at
the 0.68-V eicasurwacntPotcntiat to cause pasitivc bjas.
Tun~ten and th~llium pn%tially oxidiza at 0.68 V, produc-
ing’poeltive bias at fin equal mole ratio, but no effect at
a O.1-imnlc ratio. Platinum, the Work(ng electrode ~ter-
Ial, unexpected’y intcrfcrea giving 8 po~ittve bias. Zir-
conium and hafnim precipitate as phosphates that partially
Gccludc plutonium to cause negative bias at an equnl emle
ratio. At & O.1-mole ratio, the effect is not eifgnif%cant.
All members of the alkali, alkaline c;trtb,and Xanthanide
f!roupswere not tested. Results ft~rrcpresuntative mem-
bers arc cunsidercd to apply to all members. Cerium nnd
curopium were tested bccausc they have oxidation ntates,
Cc(IV) and Eu(II), other than (III).

Nonmetal anions were tested first at a 500 mole ratio
relative to plutcnium , at a plutonium level of 0.02 milli-
mole (t mg). If there was a significant effect, lower mole
ratios of 50 and then 5 were test~d. The three metal an-
ions w,’retested at an equnl mole ratio. Most interfering
nonmetzl ions are ~ffcctivcly removed by perchloric acid
fumin~:,successfully shown for Br-, llrO~,cIO~, F-s H202 ~

1-, lo;, K3i, S2-, S032-, and SCN_.

Cuntrary to what generally is believed, the reduction
of Pu(VI) to Fu(II1) is rapid (at 0.25 V) in the liCl-sulf-
amic ~lcidelectrolyte. The method therefore applies to the
determination of total plutonium present in all its oxida-

ticm states.

‘l%ediverse ion interference study subjected the plat-
inum gauze working electrode to rough treatments without
:;erif,useffect, The background currants for reduction and
both oxidations remained satisfactorily low. The only ad-
vur:;e effect was an increase in elcctrr~lysis time, espe-
cially for the 0.68-V plutonium oxidation, which increased
aho~t twofold. Normal performance is restored by a simple
trcnt.rncntof sequential immersions in hot 16~ HN03, water,
anti12M HC1.—



Commtructiam ot an m.itooated inmtrwnt is tde’rway.
Ttw ●loctromic c~ontm ●rc ●samtially the saw ●m dcm -
cribd previously for the versatile ●pparstus. T’ha poten-
tiostat 1- mdifiad for extomal control ot tho ●a]ector
switch by the pro~rnnbl~ calculstnr.

A 49-e&dimm tumt~la, holdin~ up to 24 .lactroly@ic
callc, ro:ateo the CQ11O Aoto pnsition undgr ● fired Teflcm
●upport. This support holds thu olcctrodem, stirrer, and
t~a- that dalivar reagfnts, rinsing solution, ●d nitrogen
gm . A pnm.mmtically driven cylinder will raise ● ai~le
cylindrical cell into ‘,msitlon against tne Teflcn support,
forufnB an air-tight c4al. The lifting =.chanism bas been
aatiefactorily tentad.

Vigorou~, yet reproducible etlrrin~ ia neceeaary to
attain fn~t and precine ●lectrnlvses. This is provided by
a gl~~as paddle that IFI rotated at 1800 rpcnthrough a close-
fitting hole in the Teflon support.

The reagent dinpensera, syrinErg driven by a combinucl
hydraulic-pnewtic system, are p(,rtcrncd after those used
with tile automated spectrophotomet cr. ‘ Only Blass, Teflon,
and Kc1-F contact the corrosive reagcnte. Their constr(\c-
tion and tcating i~ complete.
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